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2, 9icyff3' t);?.:; :':I:? fin::.:: (:!c ;;5c fi;::;i],i,arj ncc?ir55<:,gl-~ El.::; 
is &;,'c,\i;.;;izd : j . ; . : i  ;,j-ic 3; ;~:>c~~.~ br;?.iti:.d ~roundir :g  15-n~  - i ; ~  

A t,he gmui::; but; s,C t,hi: t'j'j2.: C ~ : ~ s c ~ l c ,  and th:rt tl:e 
ground bus is i t c o l f  p~'o~c;.Q ~i;ro~~m3.zd. 



Sc,*;,cct ~ i r 2 ~ i ~ ' : : I  f j - ~ - - . .  .., , , . :o t - i .~:  1, 2, sr ' 
.J Q 

G a i n  Con t ro l  

K i t h  no airflr;? through t h e  fEcanr:ztcz t r l~ich i n  
being set ,  ad j u s t  t h e  "~.'~~lrir-cc" 221 05 for t b ~ t ,  
p r t . i c u l i t n  f f c:.,T,c~.w i ; ~  obtcin ~ c l . 0  ~~Ji.1j.j.t 
v o l - t r ~ e c  'Inis o u t p t  7 ; o l t ~ e  ~j.gl;.:i~?l. i a  p r e f e ~ r . ~ b ~  
read on a d i g i t a l  d iop lay  aw cxpiained in "c~e 
pr-=cedin;7 s t e p ,  If  t h i o  f a  n o t  fcns:S1e, ao d:c'sdng 
pLLk'r,33~-7 n:2a;r;ure;nca~a the "~3L,z?ce" :;11o3 n:i~uj,d 
be a d j u s t e d  no that the A ~ ~ a l o g  I,:eto,- for I : l ~ r  l b j  

at zero rad ~ I I C  Pan!.og :kt;cr forB Vol i !~e  rci~,alr i ;1 
otatlo;r.o.:;q (i.o:.; no:. -;i ;c, c.r 2::~~) ; 

IiCTz; &~,ch  ti^..^ t i - 1 ~  Fj-,:,: 2>%ct::jl? S::$'c,in.:~ i a  
Cbc. w ,.,cd, -. t h c  .:-?lnric Ir;;,ol.;i for the f lc~:.,:> b e r  . i n  
use s :xs t  ba;e k ' e - ~ ~ b  to 0:3:;"j.i? 8, ~ c i - i i  o:i.tlilrt; fox* 
z e r o  f 3.c~ , 





4. , Sf i n '  ciils?rl:d to s:cc the 11.5 tc? 23$ rcapc,  s e t  
b&.i_l the rfi.?l.::..~~ Rcrn542 csoritr31 kno!~ c:ld khc t ,c~;le 
s d i t c k  cbo-zc it tc 1'15L'41:;~22 3". For K C R G I L ~ C ~ . C ~ ~ O  i.n 
t h e  (>-LcG;$ ;-;uY;c, . . ~ c i ;  b ~ L h  of t h e  a.boie c o i ~ t r ~ ! . ~  
to t f ; + - i r t ; ~ ~  

5 0 
T ~ T  on FsFi.7 n:ld griitch t o  "1'~orizal". knc! f;hc ;!Dl% 
El.o,-rn~l L::- Conl?:.i.tc:: a:l.l 1r;ii;ic.te oper-~t!.c;;~~ 
Enter (it; (j.',,! ;; c?)  or,~', c<2y.rcec - ~ 

" F : ; ~ ~ ~ ~ ~ '  but-r.~'.~ .,.~>1 63 
.> , ... rl-occ;sor t_-;,.02Ly:$D I ~ ~ . ~ _ t  T z ~ t  C ) 1  in Tc;'; ;Ci,-;';cr 

thi~ ' . jwhecls c4ad O 3 C ; x  in k C ~ " , i ( i l . l ' ~  t!lx~i'J;ih?t?l~t 
,Press " ~ n p - ~ t . "  w i t c h  G:I Data &-try Fa.se3. t-o diaphly . . /  . vo!A;sgc 09, 7, zq~~-::lecl j~ :::,:~ni.,;.l , ",;1,~,:15~: ~;~3'i.;::,Z 

or s a i t c h  a z ~ i ~ ~ z c n t ,  depl*eso "~lcrar"  crri tchF thcn 
change c I ; r n ~ ~ ~ c l . - ~ ~ r l - t c h  accignr,sn-t; on t e c :  va3-uct 
thu;nbTFhccl c.nd then pl-css " I n p ~ t " .  C h c u ~ e l  
i s  4 on - Q T ~ c  p-213 I C C G ~ ~ ~ C ~ .  

6. 1~1th socia aJ_x. ~-3ss ing  ~ - r o ~ q i l  %he ~xyge i l  f i - n ~ ~ y z r - r ,  
use the  Zcr-;i Adj!:st; to  stain a d i c ; i t a l  rec!.cling 
(on nhzge n-);-1.03 vo l t s ,  I X p r e a o  "cT~UI!" butto;? t2-t; 

P3D4 ~ i s e s i c ~ i l  m2a htri Ik i~e l e  

7 The O2 Anol:;z.;r is AG'J r c a Q  for use. 

If it is d e s j . x d  to dj.;plil:r o;r;gcn analyci r j  oa Q,qogro,ph 
2---n recoiL<er :;ithou+; uzinz e. c c z ; ~ : ~ , t e a ~  prot<r;.:;, E C * ~  'ch? 
w i t c h  011 r x r  of j?a:P,i %G "~ac1;up' '~ i;ct one of EZ-C!-X-~A 
462 ~ n y l l f i c ~ - s  at I ; r / i rm ,  p r e s s  b~:t-i;snz in th- fcUc-,r5.r:~ 
seq~tence:  V c 2 5  53,  Tlot:~~ 02 Xntex*, Xf o:gGi:G e.~~..,slyoirt 50 

r /  to be recordc6. by %:-kc In"-" L.J. i h m d  pzn, r;~-cr;o '$cub ea, ilo?m 04 
Enter. If T..I~!IC h a d  Fen I c  t o  bz 1~3c;cd f o r  o;Ggcn: 
Ve:& GT., Slo~r\, G!i m.i;e:s.a 



7. YerLFy 1.fctcr Sz l cc to r  mob l_n "1~Ti'ZIi" _mi;iticn, 
UG fq ~ i ; ' ~ < . c a " ; i ~  23 t.;':+z co:zplr. gas, nd.J:!r,t 6 j . g i t Q  
vol"c.nge rsc.dout ;.with Z c m  Control  on mI;i,: to "0,00 
Vol'b~", (o$ on CO ~!: trr) ,  

2 
8. TILT bitter S e l e c t o r  FS~)3 ta red dot (calibrc+tc-) p s i t i c a ;  

use " c o s ~ " ~ ? ~ ~  tind "Finz.!! co:~';:*clc i.o ndJur t  7f;E.i j j l g i ' i ~ l  
readout  to "3 .I  0 Voltsf i  (G; o n  CO:, 17:ctcr). 

9 .  R e p a t  stc;?r; -9 n2cZ ;;'!C?, -i,rlt:'l both "zero"  m c i  "rcd dott '  
pozitionc do rmt requlr: f ~ ~ r t h c r  ad 3~1.7 trznt, R e t u r n  
I.ictc; Sc:.ccto? S r i t c l i  Lo ":!etes" ;r;sition. C2ic C02 - 
c2nuJ.yzer i s  ncr  ready for usc, 

1 10. If m G X ? ; E  is to be t a i ~ c n  iihcil the ~ C G ~ I T R ~ O ~ ~  j 
2 Valve is tcinlc: used, ili..ndlc oP Valve V 3  ~ i u c t  be 

h o r i z o u t ~ l . ;  if t hc  sul>ject  i c  b;-ca'i;!zinz t h r o i r ~ h  the 
Pour wsitJ cn valve ,  i h q  hcldlc o f  V 3  mvrt be vcrticc.1 
to ob taFr~  t:.c cc?.?pl.? thc re ,  



3 Rota te  the I-cd (inner) concentric C3i::nce h o b  at l m r e ~  
riljht-!ia.td z ir?c o r  F:, i;.n?lyzc,- f a3.y cou i t e r - c l cc l~~ ix j e .  

,,,en-) G a i n  !msS f ~ G l y  c l o e h i c c ,  Rotate thz b lock  (or'7 

on mZ,: r ;~?d  n;'itch t u  "i :onj~.l",  Land t i l t  ATJT~ 
F';-~crs,zs i;:ta -Lhc cc!~?;: mrl j.n.1-L.lcte o~crn.-k!.on, 
zrL-kCy ((Y (7-q ;; 62) c,r;l, . I~- ; - . - . - . -  

, i . ~  *,-. ~ 8 8  . 
1, . i ' . *  , I  ' . .- " .,. ;...i~.. , Li!.:.:;:>c2 0:; 

Frzce;sor xet-bcny;l* rn!;ert T e s t  (31 in 5'20% I;~>';ifr 
?rn~~Lbul-ieels, m d  O m 4  i n  T c o t  Vc-lxc thu;ib~!lcc;.f, 
&css "JIip:.r'iu ~?~:i . tc t  c;n >c?c Enf:,:~' 21.np1 f . ~  l i i ~? l r -y  
vol.tose 011 requested A / D  c:i:xel, 1'0 C ~ J - V L G ~ :  c2~~.fi;?e?, 
or ~ ; r i i t ~ h  Q S C ~ Z Z Z ~ ~ ~ ;  d , 2 p y ~ ~ s  "~l , - -+~'  - 7 '  ~ ; in .~ - ' ~h ,  * then 
chr~lge ct~v~qcl-s;i-t;ch o.ss i g ; u , ~ u ?  oa TcsC; VoLgs 
th:t~b7;:.ihecl cad. t h e n  press " 3:npki" , Ci:~.-~ficX 210 * 13 

5 on m e  pen ~ecordex ,  

5 Q 
Vith  roo2 r.fcr y ~ s s i n g :  thro-@ t1;c l i i t rogen J a d y z e r ,  
use the  AdJcst Inob to obtcbin a dl2i ta . l  value o r  
93.95 vol ts  at; i?dT?,i ?r~?ccc  so:' RzaZout. The i! i tr50~en 
lirzdyzer i s  n c r  rccdy f o r  use. 

6. Lf it is desired to d in? lny  ma?j.3l.o on Dpozi-aph 2 
2 p2n =coi.dt.i. ~ i t l l o u ( ;  U D ~ T ~ Z  a CO;;~ . I~ : :L!~  prcgrcrn, c e t  
t h e  sv i t ch  02 r e a r  of P3DI to " ~ ~ c l ; l . ~ p " ,  ~ z t  c12r cf 
fnc k c k a i  142 cl-,plif.I.c~:..n r-t 1 v/c.; ? =thi)il degreoo 
buttons b t h e  foLL~~Si23 ocqcencc: Verb 51?,* Ir031 01; 
k t c ~ p *  If riFtI'0;;~il fXl~.:i.yi;i~ 10 i ) ~  s1~carde5.  by ";z 
left h,md ~ ? a ,  d c p z ~ s ~  'i'eT3 66, 2 ; ~ ~ n  05 Bxt;cri., 
r i ~ h i ;  hind p3il .Ic to be UZCCI f o r  Eil.l;z'o;cn cnaJjaf  =. : 
Verb  6*rp K~G;: -~  0 j FTL 'L~?~**  



6. U3iw m b i e n t  air, G C ~  the Ee and CO Xo:crc 
on "-..- ~l , us i r i g  t h e  ap;ropricte Zzro Errrctbss 

7 7 a ri).~;i.. ~.~t,s-t; ck 0-  ,0,5$. i!o-tz: F:-?;: +he 
CO Rndyzcr ,  nn;: value l s c c  '~'ilm O,OL.> is 
satisfaz-Low, .For t h e  C;e11~23 imclyi : .er j  t+ur?l 

t h e  ?,em R6Jus-t o.;L9-y fnr enor>& to 0'0-:.sin a 

I d Q i t ~ ~ 1 ,  rc&.'L?g oS Q b W ,  un-:;:iJ- P-l:~:?,i; X r  
j u s t  fJ.ashFr,g, 

N 

7. 3mpikeh t k e  r \ a ~ ~ c  Iaob to 'chr: "CUP'W2 P~L~~~wsL'" 
p m i - k i o ~ ;  roto.tc t hc  Cuncn:; AclJusi; I:m5 t o  
g ive  E s c x l i n ~  of 9*C"3; w i t c h  Sack to :;ha , 
n Helim Test" posi$Zisn. 

8, Supply n cdlibrnti~n'~ns t o  ~ 3 3  connector  B e  
Celj.-erz,tic;l ,r.>..s stc~yJ-d. c kcjli.~tn CQ~:_::C~- 

% r a t i o n  from 5% to LO$ md r, M) conccn t~z~%ion ,  . 

f r a  0.15, to 0,2a$, . . 

9. O n  the 03 Arld,.yzcr, cst  the Coarse o.nd bf5nrj Aypl;;a:x.f.~?at c ect 2 5 - q ~  
gain c o n t r o l  frnobs m t i ~ .  -the a:etcr (rd'ih t h o  6-35 CT 0~-1$6, 
w e  s ~ l l c h  i u  t h c  _Pmi;-!i1 po i t i on )  C O ~ ~ O = =  

pr~c;s .to t h e  ~ i ; ' c u  i;oz orlo?) nj . r j ,  





C o x ~ . ~ t c s :  Bl te l -  yerb 61, Iloxn 31 and Sicpreco 
Sl? * , . . . ! I  ~ 2 ~ ~ i . i -  b?;tbz cjn Z>z;sccncu~ xi.;br.c.rd, 

Q B  Log G U S J C C ~ ~  da t e ,  Le3- t  a i d  c:inrincll icicntiP!.ca",ion; . ~ z c , ~  E:e G . C2 9 
i A 

L,I.IZT r e c o r d c r o  'cfsl. nzco  ~ h .  2.9 

'r' c 2b-n 011 ;.!?.in ?s;;TPZ' >%'f:;~!l 0f >;:LC R 2 6 ~  I ROC::. T u ~  
on Rco.~ i ra tory  I'z..r,cl tjy PO tct ins f unc-t.fon c,!it;ch 
to 'Ox"  p ~ s  it ion. A1LdGf 5 i432?<TZS FO?, TLG~,L!LT, 
SABLI;TLPiT-,'IE 07 ~ ~ c ! . ~ . ' & ~ t ~ ~  KFD FPJssTJzE Ti<i".L.;SG;Ic)z 

scttin~s or,. p a  rccc;.r!g. E'rccs PCal, ' b-u'ctora 
on Bzc:cz--3.n 329i,LJse L L sjrrin;.c3. foxa TJol,  c a l  of pen recoz-doz*, 





<.7T7-..,-*.,.?-, ..---. , - > - - . . " - - - P \ T  * ,,,,, ,L,,, .I;:,; L i!,',hC.i ii . i 'J . i i l ; i  v xi- -. 1 -  " b : . ~  t i  o , . ~  1 -  -.. : IJita]. 
; ( [ )  'ZLj.3;sd ~ 3 - : , ~ 3 .  C3F3Ci t : f  ( TrP- "1, 1'" tbS )  

\ 7, -. Inzy ;  rs3.tc)~-:! C:!.yicit;~ ( IC) , ~: '> ; j i~a .$~~- ; , r  L : C Z , C ~ V ~ ~  :!\;I-C:CG 
( J :  . 7 (~ i j )  ,:. ;.te ?j,d21 :' J OL 7 ..-,, LL.,,L ( i , i ; .~") \ .  ..L r 

/ , r < - -  
i,;,? >it j;::;::l j-l-, :;:> i 1;;~ f:, 9 F,7 j7j. (I\.! ( , ,, ,L L2) * ; :~~:;i~;:.;:~l 2,~; j. r>. . : ;~~,;yr 

p l o y , ;  ( j . ;~;?)  , arid 1+13;<b;17a2 gz*ea,thj-~(r  L) CC~;;? .~- '  LL ' -J (l$y*'.' L , L , : J ) *  ' 
1, 11yp'z~ s i g n a l  ch:;rac~eri.s-ksicr: Bi.,nhssj.c i.nspired and. expired air f l o ~  arid VOLYZ: 

travcf o:-i:ls, 

3, ~ i g z a l  c?~nci i t io i i~~*(s )  Greer r d ~ r o ~ ~ s i a o m e t r r  ( 11-6) , tiol.ilxo I ~ l t e g r a t o l  
( Becban 96733) 

5, fiequenc$ of eszs-~~an; ; tn t  Onco per ueek 

I l o w  and VoLma A1A-0g Glavcf~m3 ( ~ a e  # l 3 )  



s torage e k e  c n ; ? , l ~ o ~ / d i g ~ ~ ? , 1 .  

9, &rived  quan t i t i e s  

si?;191b;=ou3k- f o r  ~ ~ - ~ & ' +  
i o n s  

230 sps  

RgiLZzed utill next da ts  cimp 

3 t;l.i_n,/rm; c-pprox. 10 ~ n s ,  total f c r  
Llweo rims. 

TV, ERV, IC, VC, VCi, c >w, 5 . L A &  

lfL4 
L l L  velues in d i g i t a l  f o r 3  on processor 
readout 

Digitized & coclpxted vc?..lufis 

storage the c ; ~ a l o g / d i ~ ~ t ~ l .  Until next data,  dmp, 

10, C o x p a ~ i s o ~  h3Lh prat6ous dztn M~~mmb in logbooks from prilztoout~ 

1L, ~nal .o~; /c i i~ i . - ta3~ display r ~ n p  & 1~~1~ilog w s v c f o ~ ~ .  j-- 4%; "cotul vol:::-,c 6.0 
r c s o l u t i o n f ~ c c u s ~ c ~  litsrs, az:.:..:i!:,l&~ flow 25 I i tors  per second. 

Digihl 2 25: 

2, P?-j;2tOi;t ~ ~ ~ , : ~ ~ e ~ ~ y  & ~ y f i ~ : ~  klay_) Once per ran 
r;-&c;-,?a-Lss 
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1. ~ ~ ~ ~ i ,  sir,iial c~j~~a~-~i~~t~~~ 3.phnci.c ;:-i~;cfom or' 5n:;ylrcd al;d rr?ir::d n:.r fLr- 
Diphasic +;crvcfor~ 0;' f r c l c t i o ~ ~ a l  I!? corLccn-i;r2Lio;?, 

. 
7T ]..r.3i 3, S i g n a l  cor,di.tic:%cr ( s )  Straj i?  g z ~ e  cou?lc;.(?ec7n~n, .1;9803) , v o -I- .t 

1n i ; eg ra to~  (Ecc;cn;il, +35733), and 2i-2 gas 
a n a l p e r  ( ~ l e c t r o / : , : ~ d  ji"7OO ?A) 

. L. Pange 02 z;leasv~or;..~nt Dead Space : 160 t o  350 ~2.e 

Alveolar ven t i l a t ion :  0 'io 10 $, 
' ~ e  s i d u s l  v o l a ~ ~ c  : 800 t o  2G39 rrJ, 

f;, i?rewe::cy of ; ; . z ;~~e r ion t  Once overy 1 - 2 xceks, 

a n a l o g f d i g i t a l  , See # 1: (xavef oms). 

IJ/A 

2 3 % per pa rme to r  



A/D c ~ r ~ v c r s i o n  frequency 1.03 sps. 

stor;go t i y o  .Ina,oe/di[$-bnl D i g i i i z a d  u n t i l  next 2 n t a  duTp. 

saLicr r:,eas,~-r---*---* ,,.,. --.L.~s seq-~-:,:-cd m: i ~ T . 5  basec 
s iT ; J~~necus '&  zor algL:;i- 
ions 

d i g i t a l  c o x y t a i l o n  'D' 6 A' and v (2ee 13); TTJC. 
ii 

. I 

d5spl.a-y acal-o;r /digital ;  10~- XU \ -ak~es in d i g i t a l  .form on pzocessor reaac;: 
ation; u p d ~ t i n g  f r eq~sncy  

s torage amlog/di8&-bl C o q u t e d  values w ~ . t i l  next d2ia  dmcp. 

10. Ccqsr i son  with p2eYiou5 d n h  ~! /Ao 

ll. ~ r . n l o ~ / d j . , g i % a l  display ranga h VD : 100 - ~ : C O  XI., 2.5 5.  
r c s o ~ ~ . t h n / ~ c c u ~ ~ ~ c - y  d : O - 20 ;; ;F- 5 ~e 

: 800 - POCO nl, 2 5 Ze 
I .  

.r. 12. 4qlr,J~ouz in;e+t.,z~- & 0 t h ~ ~  1-e.. Or..cc: pcrq run, 
q-" t>:..s;*,t.s 
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>.,*itc'a ~ 3 ~ 7 . i  t~ ";;c;r:.?lH c.2 ~ 3 3 ~  elf C03~03.c. . ., - b3cd :.i$nu:.c >J~~p::;zl:ly vo-j,, r_-< ;r.?l; ifit0 

Cc2rxk-s ?-!d. i n f  t , i n t e  ~p:r;..';i~:l: ??SS 

Verb 01, ?:om 31r z?d "Eate~" buttoris on 
Prge;cot .  ;;'~.yb~~r.;'. ., ''1n~:~t" bztton j when 
"Stmd'q," l i S h t 6  

l a g  s u b ~ e c t ,  d?-te, t e s t ,  ad c b s ~ c l  i d p % ; ~ l ' i c ~ t i c ~ - ;  ~ h .  fi 

tuzn p:~? recordcors "On". O2 Fn. b m2 
F Ch. g Unstclr ,wrson-l rioutilpiece C-r;.d nose  clip; se;r,mre v Ch. 10 

fro3 p z ~ t e c t i f e  czseo  . AT CII. 12 

Check hcl,-~'nt or' rr,o;r^,'npiecc :?.Lth S~J?I j2c: in zri 
ucri,~>t _ S ~ S ~ < ~ C . T ; ;  vi3 f ~ t i c d .  a?Jxstz-rtnt tzy 'OC 
~ ~ c - j e  ~7 ~ ~ ~ 3 > 3 : <  i . 2 1 ~  t;:~ z;-,:i~z:::~+ ].i.o~~q-b'i?: 
?late vith one h:sd  a d  locscn ing  of the v'i;'~ 
h o l d i ~ 3  knobs wit'. t h e  othzr; sz t izkten  h o S s  
u-wn coapletion of hcight z~u r , t r . cn t .  

k s t r u c t  stisjcct to ir,scrct c,?~ithpiecc, place 
nose ~l i? ,  m d  breathe norr_nU-y. Press "InpP;rt", 
t hen  cress ' !~"T'D cZ, ;;~:22 GI.; then C].,LF~C.: 

ins$:r?.t i~n, 13:';lf~ "r l - l ter" , 



If ildd.L.tic~?%l s c s p i ~ ~ ~ t o r - v  -~:=l:;~qc.;-.zn"cs nr-c --- not to 
be don- a$ -L!:is t L ~ . z ,  in~ti?,;cJI; suS:cct to apezo-~e 
n o ~ t h ~ > i e c e  c":~d nosc c l i p ,  ~ 1 ~ 5 . 3  c a d  store eq~3.~.?2;1t. 

p ~ r n  p;~::,: "(jff" if ce f ~ r k h e -  t e s b h g .  y a ~  the 
zr,d O k,-,?Lj=-i.crs zr.3 tht .  E-.w:ij_, ~ - : C E > ,  fi?,c=l: :*',?in 

2 , h .  4 pcmrc~ b2J 11~2 zt:;i-;sz~ - f , a - A . 4 n -  -c .,, ,;> i s  <&a be zcrforz.:,cd. 



2, E!,ectr-~zua, t,ral;-r ducors ) : o u t ~ j p ~ ~ c c ,  -PLeis]i r ; ~ ~ \ ~ ~ ~ ~ t c c h ~ ~ ? i ; e r  on:? pressLWf3 
tyzrlsd,;i,er ;;',q 5 ) ;  gas >Ly~l;rzer  :;&~.7lrk,;..' 

3 *" U 

head. 

''p.'.,, C ' 

3.  Signal condi%ic~.er ( s ) St ra in  gage cc~?lcr (e2ciu"...an $ l ~ ~ J ) ,  \ l f i 1 1 ~ 5  

Integmtor (?-?clcn:=n, $96735) ; C(I2 62s acl:;::cr 
( Godart, ~ 4 5 5 0 0  2) 

Noma1 - 3,0 t o  7.0 l i t s r s f i ~ n .  
Exercise - 4.0 to 23'3 l i t c r s / n i c .  

Once pos 1-2 weel~io 

a n a l o g / d i g i t a ~  Analog wavuf o,ms 

a q l i t u d a  

freqxency range 

0-5 volts 

N/A 

a c a ~ r a c ~ / s e n s t t i x ? . % ~  5 $ per  parameter  



Dig i t i zed  until next daLa du.mp 

lippro:c. 100 sezo~:ds, Sacludi:;g dcriv2.J vd.<- 1 

d i g i t a l  c o ~ . p t a t i o n  

d isp lay  ar.zlog/dicl :a?-; loc- 
ation; updating fxcpcncy 

recorciir,~ analog/d iEi ta l  

s torage tkce a n ~ l o ~ / d i g i b d -  

12, printoll-l; f i ~ r ~ u e n c y  L: ootha?f re- 
q,; .-> ,, ,- - .. .- ,- 

Ir_U L' - 4 n a  -4  

T h s  base 

* 
blinute alveolar  venti1st.i-o2 (Tv'~.alj) 

See $13 
E s > l a j ~  of Ce r iwd  values cn  r i igi t-1 
rerc!ou-t. 

Digi t ize?  until naxt data dlap 



% Cop is ob ta incd  d i r o c t l y  froiz t he  outpilt of the C32 
analyz~,r  cor rcc t rd  for If$ vapor 

'E and ' ~ c c ~  a m  inilltiplied continuously during t h e  
measurement per iod 

% a lveolar  C02 i s  t h o  peak GO2 concentrztion during 
the r e sp i r a to ry  cycle, 

* A l s o  see gas cor rec t ion  f x t o r s  and n t r u e l '  CO cor?ection 
on lv:?asurenent Gata Sheet  

2 



N-veolnr  P O Z  c?cZ PiQ2 (PAg2 and ? ACQ2 ) 

,y- , - . . , - . , - ;7  - , - : - rx '>T  , , ,. . , , , ;  C'!~i-;?ir) I;:s:Is:II:E:'.c'!I~ of d.vmlar  ?02 and FC92 f roa 
gas  a12llil;'~f:r clrT.res 

b. Range of measu.rcmeni; PA0 2 =' 70-1 23 r3 Eg 
ri*cp = 23-'73 rz2 Eii 

f;, Frequency of r2.;.aswei;i;n't Once per 1-2 t:ccks 

P~wlog  k-avofoms, See #I3 

a q l i  tude 

frequency range 

accyrac3 /se in~i t ix? .~~  

' ' 0-5 volts 

I~/A 



rr,anual/t-~:rai. C;iat;~ cni r j ,  . Subj  c c t  l d e n t i f  i c s t i o n  a n d  :x~sur .er . .~r i ;  
nurabei- . 

A/D cozirersion f rcc;:~c=ncy 100 sps . 

storage the a ~ d . 3 ~ / d i g i t a l  D i g i t i z e d  until. ne:d data d; ;~p ,  

recording/sdsreg3 qL~ant$-l;y 30 sac ,/subj e c l ,  i n c l u d i ~ :  dari.;ed ;;nT11 ~ s ,  
par B U ~ J C J ~  

9 ,  &rived q u a n t i t i e s  

0 1  I , .  --?<y2i;*cci4 

ions 

d i g i t a l  co:nyjatc'cior:, 

display anzlog/diGi.i;zl; loc- 
ation; ~ 2 d a t i i i g  2scr;~cnc;g 

storage tixe amlog/digi%a% 

12, Prin'iout ifrr:c;raz:ie;r 85 I: other "m- 
C 7.: -,-,-. ib bbtdri=L!3 

PAOZ arid PACOZ 

I'd J 

Digital disp lay  of cozputed v d u c s  on 
digiJcs1 readout: every 10 scc. 

Digitized nvor=ge P-?IG2 and PASO2 a t  e2.i 
of each recordin;; 
Digitizscl u n t i l  next dzL% dm? 

Once every 30 EEC, 



Arklog C2 aiid CO- a x l ; ~ o r  oi~'c,lut;, ;EI~TLU~:L value of Oi :ind a ' 3 x i . m ~  valve or CO. 
'4 t: 

b are +A bi3  USE^ fohn C C : : , ; Y . ~ ~ ~ O C S .  
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4, on Resp:rcL*,oz-y Fzncl- n ~ d  2 -pn  rccordcr,  
A l l o r  5 r;iinuLc_.r, for "ii:cr?rnl o - t c b i l i z c t  i u n  of 
~ T I ? S S L L ~  t r n n s d t x r r n  a:~.d f l c ~ a a c t e r ~  

/ 
00  firfor:: pr.cl:..-.:,;~,r.l: c.<lJusk;r;~::1C,i= on rcc;p!.rato:-J 

coi;so!.c ar,d on 2-~+2~1. r c ~ c o r i 1 ~ r  ? ,r ,co~di! ' .~  G,o 

Prelimincry kd . jus t r i zn t  prrcccdurtl f ~ r  ths -- Lc.rcr 
S t r a i n  G q t ?  c o ~ ~ ~ l c r ;  and ",? rcscttinrj inte=,?rn-50re 
Set F l w  set$iz> a t  2 cad  VOS~GLC ce-Ltlrig 6.t 5 .  -- 

7 0 TO display CG, a n c k ~ s i c  ~n right hncI  px,  o e t  P Z C O ~  cz R 
r i z h t  Smd l;ll;&a of Eec%z:;.n k62 to 1 v/c;n m d  - ,?  

press b u t t c n s  u s  t .abulnte5 ut r i g h t ,  (Frcsn I -.-r-----~-~ 
- 

" h t e r "  c f t e r  sccond d i ~ l t  of ~ ; O U  i o  precieed: 
each tine,) 

8. b:o~.m?. 9. icouth;3lecc on Eiec>ircl..tor~ 5 iPa3:se end 
one on four  ? x i i t i o n  vzb-e.  Turn VcLvc V2 

0 J Ins-Lruct sub j c c t  to s i J c  on ergoae'cc? a 3 ~ e n b b ~  

20 o Check he?.i;ht of n~ i l thp icce  w i t h  cu5Jcc"; ~ c a t e c i  
i n  m ~ ' ~ i ~ h t  ~3 ii;ion; vcr'iicnl. ndjus:nmen-tc 
m y  be r~xlc by ru?:orLing -<.he Eq~l i~ r . z r i t  b:our,.tb~~ 
a t e  with cric l-ani: cnd l oosc -n ing  of  t h e  bt710 
holding h o 3 n  w i t h  the othcr ;  ~ t i e , h i - - c?? \  Err?obc~ 
upon cmplc' i  io:? a: hc igh'u ~ 3 . j  ~.n'i:r,ciIt, 

l.19 V e r i f y  t.hr,t rcbreathln;? hag $0 empty; 3.f not ,  
tu:% 'JtsLvc: V - 9  to F'ositictn 1 an6 'i1c.11 ~+-.P~si1;516;1 
7JaLi-c t o  73r;i33.0;-L 3 ;  nriupc.zc: co;;tentc; o"3.g 
u : - - r c t v y j  L '.. >~. ,. tcr-.:;.-yc: ii-;- ,.., r ; j . t i  j ; ~  : , + , ~ ~ ~ , r ~ *  ,, t h ~ i . i  t u r n  1:- 
z . 3 ~  Pt. ion \.nk:#:. $9 :;->c 2.:;  Zo:?. 2, 



15 P~P-ce nose c l i ?  .?-:IS inscr:  ~ ~ ~ i ; l ! l > i c c c ;  b;-cfit!:c 
nor;:d.k; 'OF 5 cj-!i3.!GC?s Cii n c ~ ~ l ~ ~ i i . L L ' 1 ~  J '{cll';~ '&a 
obtain CO, R%od~cLion nod Al.i i .ol~r I ; G O ~ @  

L. 

3.6. @h~mgt. pz13 : t ion of V-3 !x,n-Jlc t o  ver--lical Inotruc.l; 
SUSJCC~ ck3age to 1 4 - p s i t i o n  vd . -~e  and  Srcathc 
n o m 2 a y  a 

17 * Obse.we scb<ect md, 2. t  t h c  end o f  a no=?-1 exnirn- 
.Lion, t . ~ n  ! ;-p;);J , .ki~:1 ~ r - y i ' c  t,o - ~ i t j . 6 : 1  3 .  f 4 , ~ ~ ~ : ~ .  

s ~ ~ b j e c t  t o  :;rcatl-cc ~nkil cq;ri3_-l'ur3.kr!.c:a 2oi2.C i n  
reached. Obser-re CO, riis;.cfo:-i!i cn  2-p2n recorder 
or 4-ch;msl score. d i :xd i c t e !y  twn l:-pr;ltj.cn 
v&,re t o  23Si'>?CZ;;' 2 ,  & ; k ~ r  CQ:?~~;;!I':.U~ 1~ ~"CC;C:,~.P& 

? 
to record en,uil-ibraticn zCO les-cl. 2 

1'9 4 Instmct cultJect to rrzovc xoxtt~icce md noze 
clip; c l e m  and c",cr,. e c p i p ~ e n ' c .  

Turn PBI2.I "0:'2'' if 00 ~uxI;!~cP "ic;t.lng, T~1m OL'f 
gas ;~17j",Iyzt3rz 035 Ax<. R ~ c I ) .  1-73~:; ;<:rlln Pcnrcr 
c ~ i t c h  ii" n~ ful-khcr :ic~?.;ing -is . to  be w:9f0~.2cl, 

n T u x  off  l a r d &  ?en reccrders, lurn trqo nen  
recorder t o  "O::", 



C02 gas an;lyz~?r (Codart, ~-<56W2)  

Once per 1-2' weeks 

Analog ~.:aveforrfis 

0-5 v o l t s  



r e c c T ~ ~ n ~ / c ~ ~ ' J j ~ ; ,  -3 ~ ~ ~ ~ . . ~ i ' ~ ~ i  
per zzbJ a c t  

1 C O  s p s  

oLjer. nea SIS~"C~~)T.LS r e ~ ~ i ~ c j .  
d lvcolar  C?, *cor.cenD;;ticn (F. ) , Ca2 s i ~ a l i n n a o ~ s 2 ~  Y o r  caJc.d?,-l- 
production 1 A~~ ions C02 

. -- 
d i g i t a l  computation 

Fimd venous C G2 concentrati.cn 

display ana loz /d i f ; i t a l ;  1-oc- n i g i t a l  d i s p l a y  of r r L ~ c d  T.Tnou.5 CD2 C ~ : ~ C C L ~  
a t i o n ;  up"itir,z Trequer;~:~. 

i on  
Z I recording ana? -o~ /d ig i t a I  D i g i t i z e d  va lues .  

s torage tilte a ~ 2 l ~ ~ / d i . g i % 2 l  D3.giticed u n t i l  data  dilr?.p 



F ~ ~ ~ e  = fractional concentration o f  CO, i n  t h e  al.srcoL1, 
011l;ai.ned p ~ i o r  t o  c z r d i n c  G u t p ~ t  de-tc,-ir,,inat,ion 

+t The "eq\ i i l i .brnt ion 7oir:tH is def ined  as the f r a c t i o n s 1  
concentra-iion 0:' CQ2,s^, +hc t55c't:h.len t h c  chancc ir. 
C02 pi;rcr,',agz is i r i s  tikin 1.5 m i!g bstr;ecn t h e  s u S j e c t f  s 
expired gases and .the conten'is of the rebr-eathin;? ba!;, 



mem c a ~ ~ 5 5 - a ~  c1.1tp5s sof b,6, I;,&, ar:iA Lee ' l i ters  per mFr,ute. S t z n i l ~ r d  Ccvi~tlcxs 

0.7, 0.9, ?xn 0.e lite;j/i;inut,e 2r.d stnnd-x! errors  of the a e a n  0-2, G o ~ : Y  

and O.b liters/,;in:~tt, 





foundation, i:i t h a  sr-zse t h a t  the :?,ctta:;~tics i e ~ d i n g  f rclc t h e  ~ , - 3 z s l : ~ e ~ ; ~ z ~ t s  t0 

t h e .  f i n a l  r3sul-L - b',ood f lox  o r  cardiac  oa 'cp~t  - is e ;q l i c i t ,  %:it?, LO ar'; l trs~-~ A J 
. . 

, constants ,  The t'~~c,-2",ic22 f~und ;~* l ion  is t h e  F$ck ecjLa'ciOne 

, .'.. t he  lungs, t'r,e hear<, w,r.d t'r,~ h 3 y e  The b l ~ o j  f l o ~ ,  o r  czrdizc ~ ~ t ? l : t ,  is Q, LC 

l i t e r s  of  blood p ? ~  xinute ,  The e ~ 3 a l e d  czrbon d i o x i d e  f l o w  f ror t  the  fua<s to t'rx 
I) I 

atmos;korx? %s VCOZ, iz ni l l ! l i t - . r s  of C 0 2  p e r  o;i~:ute. Tho a r t e r l a l  C 0 2  cc:.cant:,~tlo:. 

I n  T ' i l l i l i t c r s  c$ to$al C9, F e y  l i t e r  of blobd. The nixed venous CO2 
L 





I . . ----. '-. . s 

To us? $2'3 3.c:: e q ~ a t i 3 n  in 5lli.s fc;-;r.;i;he 2rablen b o i l s  durn  t o  kc;; t o  gr:.fv 

Consiczr  f i ~ s t  t h o  exkc?~ed czrbon d i o x i d 2  flow VCO . Khstor ical iy ,  <*.is h2.s 
2 

R 
L 

6 . d . J .  I * .  been x c z s u r ~ r l  by c o l l e c t i n g  sl l  of the  ed;aled air ",n a bag Sor a f ixed  o r  ' P ~ , . ~  

tirr,e, zria then  s ? ~ s u r l i - i g  t h s  V O ~ L ~  ar.5 cozposition of the c o ~ i e n t s .  

For rr,essurz.sntJ o f  the  other t 2 r : ~ s  in t h e  Ffck e q u t i o n ,  it is u s a i u l  t c  be 

able $0 r;,cesnrs t h e  CC2 pc:'eiAa;e o f  ths exhal-.ci gas  c o n i i n c o u s l ~ i ,  Sir,ce C-~ l s  'is 

SO, ccntincoc;  !r.nasurc~cr.ts : X j r  also L a  ?xed  f o r  t ,Ls dsterrr.lz&tion or' 
Vcs2* 

. . F i e r e  2 sl-.c;:s ha; t t l s  i s  dons. F i r s t ,  t k , g  s ~ k j e c t  sits quis t ly  :.r;tr. z ttl-r: 

of t h e  r e s p i x d  2 . 2 . ~  is scci:cd Lh ro *~gh  a CO 22s ~r ia iyzer ,  Tkc  output or' t h e  snal;~zc~r;,- 
2 

m is bath' lr,t.ep.;ted arid dLi ' r ' e l ; '~ , t ic t~d.  ir,tssrai g i v e s  a m a s u r e  of Y:.e ayi-YZ,? 

% CO;! of Lke C O ~ ~ ' L ~ ~ U O U S  res?ir;t,i0ng a;.< the  difi'eir.i-nt,ial g i v e s  up-z-b-do;% s2ikc;, 



. . . . .  I i i .  . i , . . . . .  . .  I . . , , ' . , t  o . .  1 ,  : .  . , j t l . . ,  . . , . /  . . . . .  ! . . : .  . . .  . .; : : .  , ,  . . $ A , . .  . 
: i ' . ; ' i . . ; . i : . : . :  j : : :  . ' . . . - .  . . . . .  . . . . .  . . . .  , , . .  . , '  . ' . '  ' , 

- $  < ....... -.. . 1 -4- , : ;  ..---- , : -.-....---..- 1 - - :  . 
, . ; i : : . : i , !  ,.-.-..- P i~_. ~ - - - . .  . , ;  1 - 1  : ; : . : ,  .......... .... : I : : : - : : . : :  . ,  ..... - -  . 





, . a ' t jo-~t  o?tj.:zua feu. (,.:e S C C L ' L ~ ~ ~ T  ' > conkctlnis 6' t h e  bag. 

Fros  ihz ~ C C Q F ' ~ ,  2 S X C O ~ ~  expon2ht iz l  cxme  'as dra'hrrr, s k ~ j , ~  as a dast..zd 15.::. 

%he vzlucs of r,he cL;rJe 2z.c zzad o f f  at cr.2 second 5,rrl;emals and tai;izbtc;C as 

s n i u  3 .  ?'~te t h a t  for each l i c a  of t h e  table, t h e  cnt,r;r sn t:*? r*_ght-  

17 i:; o;: rzconc3. 1;;cr %'!:.?an t k . C  c'n t h ~ 3  l e f t ,  liie - r . a l~es  of irA kk.2 ;z*sle 

I 

I then p l ~ t t e d  against dach o the r ,  Szccsssive 2oZnts on t h e  plot &Iwzys f ~ f l  c l o s ~ r  

1 L c los i . r  tcg- ,.,,F;?> *;:Z 4 i : ~ ; c i j .  a s t t - a i g h i  l i r , ? ,  Tk.2 l z s t  fsi: p o i r . t ~  3r3 
I * 

e x t r a p ~ i a t s d  v ia  a stra5..g;?t lix, uhich i ~ t e r s e c t s  ari0th.r s t r a i ~ h i  iLne 2 ~ k - r .  ~t 

. . M 3  

f ks0 fron; Ozl:,l!-jll lr-2 i n : l e r ~ a c t i o n  gives t:?a vzlue or' t h c  ss)xp:otr.. 

v ,. The rezsor, for= t h i s  ~ 1 - 7  +-J b2 scen frm the n a t u x  of t h e  edqonljr,tizl., ir t?-c 

expoccnti~l culcb7c vsre contifiusd an< xwizlr.ed zn e x ~ o z n t i z l  b2yccd the 2 r s ~  f 

brezths, successbs;e r;r,plj.tudes or" 'tkle e ~ r - ~ ~ e  at ecpal t l h e  i s tervzls  wcnl2 ccriivt=.7= O w  

c.0 -,..,, g-ys 2:ee:2!, :,:.:a o"j.3 zolr!t,s can fall ";lo;; th? b:, 2 :  52.. sir,*,. Cf.2 7 ' . - ' b  & I . ,  2. , 

0 .  oi C:? z , ~ z t i  .t\i' 2.32nt3 ::st 3.er;c.l fall oa LS Irae, zr;c =:&z 2..=s:s~c?..-.tr. 5 - t r .  

defi ixs t h e  asjr;.?tota, 

. % -. 
T h i r d  and 'sss2, the s\;bje:t sits q~ i~ IL2 . y  v:--tr: 3 tcte in h i s  rr,sutk., : i t :~ rc  2. 

- .  The e>;hz%cc! ttsS.uy.9 F ~ C C . ~  aln.-ar s t t i rc ; - ; sc  rbr-,~t.ion, 1;i;oss ~ l c 2 . 2  t?.\i~:: 

e,.,- '"- - -7 - ,: r,' - .  . J 5 ' z f ,  l . 3 ~  ~x:;;!;cC: COP ~ 2 . 0 : : ~  Y'- i s  ",m ff~;;? b.7 T,:.uL~..~?J.:;-L;~~; t , , , .~  
,- LO$ 











mc0y22r c;mz2',:32;v \';: t:;~ fOl;iri;-h * ~ A ~ c - L ,  -.. -. = : S  the srse a"ske ' f i r a t  t race,  .90=. t he .  

F i w ~  6 s?:c>;s t h s  e g i i p x 9 n t  si?tu?. The carbon dioxide  ar.al;isis is X I ~  

. f n, 
~ t S ,  a E3 1 1:2dical Gas $.cal.gz,er. lne s ~ x p l i n ~  pc-2 I s  s s t  

~ 2 9 %  sr, t:-.e i c l k c p  is use? to sirx. lat..  differer;t percer,ki&ss of gas, as r e d  cn 

II. t he  z ~ ~ l i f i e r  s c a l e ,  ;'e octgc t  of th; m.pl i f ie~*  is fed to m t c h i n g  c i rcu i t s  

s h m  in f i g r e  7. 

The upFer txo  -=tc: l i>i  c i r c u i t s  2r.e uses for i ~ t e j r z t i n g  the o ~ t p t  OZ t h e  

LE 1 ' t o  givs  t k e  averare  $ CO ar,d fop providbr,: c o r , t i n ~ o c s  a ' t t e ~ c a t i o n  for z2  
both t h z  insi;antafiecus 2nd avsrage i n x t  cSk?3ls into the recorder, Tnis 3 2 x . i ~ ~  



r;, . - % g;..-z> ,> ,:., 
' ,,& or, d?;.? :.:;,n?.ficr. sqs lc ,  ifie c~:i.j.br:c:ion c>'-: is tker, sllo;:c;2r -10 f i s . 2  c:.c-., ,. -. - -  , 

. . . .  . 

is ir,sart-cd in"; ok,;e gczs t ~ s l i ' s  octlet -luk,s. to 

,-l s&r;;31e t :yn c~?i:~,-::t: '_c;-; gas -  ;he 55 1 g z i n  controj. is ty:en s e t  S G  t k s t  the r.c;hr 

5::s , c l  22: ir: c2;ibratl(jr. g z j e  g , is shct  of'', ~ie.2 t,b;; 

capaci tzr  i n   ti:^ ;-ver:a.~ing c i s e u i t  i s  s,,--,:iLc%ed i n ,  

m I he vo;----, -.., cc;n-el is c,:: - A ~ ~ A . Q t ~ d o  **- This  i s  d o n ~  bj C G S ~ L ~ ~ . ~  022 l i t~ :  

checked by icn,r?:s2rii;'ti?c recorYl,i=r g a i n  by a r"ac",or o f ' l O  zed rr-akigg sur.:: tY.2 ;.,.xh 

m ,,' .a ;LAi, but ton  tken s>c::c fcll sca l s  de;"lcct ian,   he r 3 c o r 2 c r  ga in  is then  I.;,~Lc,- .. L b7 

origirial  value. 

m- 7 .. lne  cntir? c a a ~ o r 3 t i o n  srccedcre Lakes sbcu t  vn'o n i n u t 2 s .  

' A I n  1 sf f l g - ~ r e  0, T ~ ; ' C C ~ ; J S  is ~ z t  to run at a s2ecb. o: 025 r,llik.$;:r> 

per secsnd, and the sub j ec t  pats  t he  cz thc t5 r  in h i s  zostri.1,- -Ee b r c ~ t h s s  acz.:,~'L;,- 

z' f o r  a b w ~ t  a xiccte, o r  crstil $:?9 &vc?ragE: p CO 03 th2 psco;rd has  r;ac:?ec: z stz1.1.3 2 
, . 

value. Xc;- is ~ ~ Z I I  ;isks,iS ;?xr t?.~ end  oZ 2 ao.p.;;1 exhzlation, to c o ~ ~ i n c r ;  e : ~ n r ~ ~ : .  FI - 

as rzuch as passj.kZe, a n <  t :xn ' f r z ~ t h e  noi~;;,al?.:/ a ~ 2 i n .  .4ft?r t h e  T.S.X~.TLT. e : < ? . ~ h t i ~ ? ! ;  

it usu-.lly t a k e s  th ree  o r  f o u r  brzbths u r i t i l  t 5 ; ~  insAkintc;r,eoi~s r eco rd  sk.c~o:.:s tIr,r sa-.B 

rn? =.epetitiv$ ar.3l-i -,l;rle sattnrri 2s  Leiorre the e;.hala t i o n ,  L nc rrruirn~? e:;k,r ? =l t l o r i  

procs2u= is repezted thre;: moss t i 7 . e ~ ~  and t h e  CiVdT&ge of t h ~  fou;" ir.a:r:',';i;i~, e.k2>.;ti;, 

- .   so *\.,,-Y;>-<;:\ ,,,i, ,; c: ~i-,.;: , T  (L-;2r~c2 z C,-'>- .,L :-<,,>or.; * of  >~ ti;.? ~;7:lx~;i,t:*::;c ~~~s . j j . t f~ ; i~ , : ,  ;'.:-a;: t:IC. .z:.-... . % 





J i ~ n c t i c -  2.s :::::l.::.:-d id he j i n t o  -:xi ~ u t ,  of i l i i ?  ::ask for ;bog% 1.5 

1 .  I' 

i s  r;s>:ea t c l  izh3j.e t l , ~ ; j u ~ ' n  h i s  nos2 ar.d e:.;';lzle th roxgh  h i s  ;.r,,out?:, ze ccnlf.n~:o.z 
, . . . 

& 
- 7  

,his  until Lk3 rzcox3  s;-lo;.:s t h a t  h5 has  exh~lec i  akoilt 19 litirs* ::e t:n.en rzr;.c.v.;l.s 
. . 

the  tub; i'rs::, h i s  rr,ou~h, t h e  sp izoxs te r  is e;npt5ed, and ha repeats  t?~e procedi re  

I? 

of inhali~g L h r o u ~ h  his nose and s:thd.L?2 into t.33 ~;&ge X O F ~ .  ihe  av,=r;-Z? 

slo?a o? ti?? ?,ir,ear s;.ct,isns of t he  t h r ze  s-ta',rcs.s; fujc.k,ioils is uscd to det5rAi:in2 

a ,  S t e p s  1, 2, and 3 togct,cer osual ly  ta%e less  than 13 nlcutes.  

. . 
2% is a p ? r ~ ? r i a t e  to ask wkethsr t hc  cardiac output  c k n g e s  c ; ~ z " r g  th8 13- 

. 15 minu tz s  it t akes  f o r  t h e  breathing praz-3d~x-e~ To ang-.ier this c,::cstlot;, t?.e 

~ tab i l i - t j  of the  cardiac r,~t;-juL$ Lhclilgh n o t  absolute vzlue, 1:as dete r? i i r , zc  

r i r Ig  e l c c t r ~ d e s  - on2 a r o w d  the f ieck and the other ~ r o v n d  t h e  laxer c>sst, 

Figure 8 shows the rztiozale for this as2roachs We asstln;e thz: fo:. 23211 

cardiac outnut changzs, th2m xi11 be pro?ortioz.zl c k ~ n ~ e s  in t h e  blood 23.o;; kt= 
t 0 a 

t h e  head and lou2r bod;. In the  d i a p a x  of fi?;ra 8, Q N ( kH Q + kL ) . 
T& vefiozs 51003 is essc.r,tially steady, since by t h e  the ~ ' r . 2  ' s i C d  
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